Background: Interleukin-6 (IL-6), a pro-inflammatory cytokine is involved in various vascular pathologies including stroke. Till date, no studies have been reported for the association between IL-6 gene polymorphisms with the risk of Intracerebral hemorrhage (ICH). Objective: The aim of this present case-control study was to investigate the association between IL-6 (-174 G/C and -572 C/G) gene polymorphisms and risk of ICH in North Indian population. Methods: Genotyping was carried out by using SNaPshot method for ICH patients and 100 age-sex matched ICH free controls. Conditional logistic regression analysis with adjusting multiple demographic and risk factor variables was used to calculate the strength of association between IL-6 (-174 G/C and -572 C/G) polymorphisms and risk of ICH. Results: Hypertension, diabetes, dyslipidemia, smoking and low socioeconomic status were found to be associated with the risk of ICH. The distribution of -174 G/C and -572 C/G genotypes was consistent with Hardy Weinberg Equilibrium (HWE) in the ICH and control subjects. Conditional logistic regression analysis showed a significant association between IL-6 -572 C/G gene polymorphism and the risk of ICH under dominant model (OR=3.7; 95%CI 1.05 to 13.1; p=0.004) and allelic model (OR=2.6; 95%CI 1.1 to 6.2; p=0.01). No significant association was observed for the association between IL-6 -174 G/C gene polymorphism and risk of ICH. Conclusion: Our results suggest that IL-6 (-572 C/G) polymorphism is significantly associated with the risk of ICH in North Indian population. Further prospective studies with large sample size are needed for independent validation.
INTRODUCTION
Stroke is the major leading cause of morbidity and mortality worldwide. 1 The estimated prevalence of stroke in India ranges from 44 to 843 per 100,000 populations. 2 Intracerebral haemorrhage (ICH) constitutes about 10-15% of all strokes. The incidence of ICH is higher in Asian countries compared to western countries. 3 This may be due to the difference in the prevalence of stroke (IS) and subarachnoid hemorrhage (SAH). [13] [14] [15] [16] To the best of our knowledge, no study has been conducted for the genetic association of IL-6 gene polymorphisms with the risk of ICH. The purpose of this case-control study was to investigate whether the genetic variations (-174 G/C and -572C/G) in the IL-6 promoter gene are associated with the risk of ICH or not.
MATERIALS AND METHODS

Subjects
The study was conducted in the Department of Neurology, All India Institute of Medical Sciences (AIIMS), New Delhi in collaboration with Institute of Genomics and Integrative Biology (IGIB), New Delhi. The study was a hospital based case-control study and was completed in one and a half years (October 2013 to April 2015). Patients with a history of fever, rheumatologic disease, transient ischemic attack, any acute or chronic infection,autoimmune disease and computed tomographic (CT) or magnetic resonance imaging (MRI) proven IS were excluded. A total of 100 patients were recruited for the study after radiologic confirmation of ICH by CT or MRI scans of the brain. All patients had clinical signs consistent with the World Health Organization (WHO) definition of stroke.
A control group comprising of 100 age-sex-matched ICH free individuals was recruited from volunteers and healthy peoples accompanying the patients in the general outpatient department (OPD) and was assessed by questionnaire for verifying stroke free status (QVFSS). 17 Written informed consent was obtained from all subjects before the collection of information and blood samples. The study was approved by the Local Institutional Ethics Committee.
Clinical Examination
A detailed history and clinical evaluation was carried out. The National Institutes of Health Stroke Scale (NIHSS), modified Rankin Scale (mRS) and Barthel Index (BI) scores were used for the determination of clinical severity and independency. At six months, disability and functional independence was assessed telephonically by mRS and BI.
Definition of Variables
Definition of variables were modified from the study 18 and are as follows: Hypertension: Subjects will be considered to have hypertension if they either have the diagnosis of hypertension or treated for hypertension before the stroke or reference date. Diabetes: If a subject will have the diagnosis documented by a physician in the medical record or if fasting blood sugar level will be >126 mg/dl, Dyslipidemia: If the patient either will have the diagnosis of dyslipidemia or treated for dyslipidemia. Smoker: Person will be defined as regular smoker if a person smoking ≥1 cigarettes daily, bidis, and cigar for > three months. Family history of Stroke: A positive family history of stroke will be considered if a subject's first-degree relative (parent or sibling) had a stroke. Socioeconomic Status: It was classified into two classes based on four items, mainly two wheeler, refrigerator, computer or car. Low -not possessing any of the four, High-possessing either two-wheeler or refrigerator or computer or car. Physical activity: Physical activity was defined if a person engaged in morning or evening walk/ running/jogging/swimming/cycling at least half an hour in four days or more in a week.
19,20
Dna Isolation and Genotyping
Single time one teaspoon (4ml) venous blood samples were taken from ICH patients and controls in a tube containing ethylene diamine tetra acetic acid (EDTA). Genomic DNA was isolated from whole blood through standard phenolchloroform method. The primers were designed for the two Single Nucleotide Polymorphism (SNPs) using the Primer3 online tool, (http://bioinfo.ut.ee/primer3-0.4.0/). The IL-6 (-174 G/C and -572 C/G) regions were amplified in T-100 thermal cycler (Bio-Rad) using the primer sequences and conditions for Polymerase Chain Reaction (PCR) are listed in Table 1 . Genotyping was performed on 3130xl automated DNA sequencer (Applied Biosystems) using the SNaPshot method.
Statistical Analysis
The chi-square test was used to determine whether the allelic frequencies were in accordance with HardyWeinberg equilibrium (HWE) or not. The conditional logistic regression analysis was used to estimate Odds Ratio (OR) and 95% confidence intervals (CIs) for the strength of association between IL-6 gene polymorphisms with risk of ICH. Multivariate logistic regression was used to control the confounding effects of demographic and risk factor variables. Tests were considered significant at p < 0.05. Data was analyzed using the STATA, version 13.0 (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX: StataCorp LP). Haplotypes were reconstructed using PHASE 2.0 software. The threshold value of the frequencies of the haplotypes included in the analysis was set to 2%.
RESULTS
After screening 137 stroke cases, 100 ICH cases were included in the study. For the control group, 119 people were screened and 100 age-sex matched ICH free controls were recruited for the study. The mean age of ICH patients was 50.56 ± 11.58 years and control group was 50.50 ± 11.46 years and both groups consisted of 74 males and 26 females. The risk factor variables such as history of hypertension (cases 42.0% vs controls 18.0%), diabetes (cases 25.0% vs controls 9.0%), smoking (cases 20.0% vs controls 5.0%), alcohol intake (cases 19.0% vs controls 14%), dyslipidemia (cases 17.0% vs controls 5.0%), low socioeconomic status (cases 23.0% vs controls 5.0%) and physical inactivity (cases 99.0% vs controls 89.0%) were found significantly more often in cases than in controls (p<.05) [ Table 2 ]. Out of 100 cases, 34 (34.0%) cases were recruited from outpatient department (OPD) and 66 (66.0%) cases were recruited from inpatient department (IPD). 96 patients (96.0%) completed full six months telephonic follow-up, eight patients (8.0%) died and four patients (4.0%) were lost to follow-up. The mean and standard deviation (S.D.) was observed as 13.39 ± 9.0 for NIHSS at admission, 3.24 ± 1.13 for mRS and 57.15 ± 22.9 for BI at discharge. After telephonic follow up at six months, the mean and S.D. of 1.5 ± 1.7 for mRS and 78.5 ± 27.7 for BI was noted.
All the genotypes and allelic frequencies were in HWE in both ICH patients and controls. Genetic analysis for IL-6 (-174 G/C and -572 C/G) gene polymorphisms were conducted for all 100 ICH cases and 100 age-sex matched controls. Conditional logistic regression analysis showed a significant association between IL-6 -572C/G gene polymorphism and the risk of ICH under dominant model (OR=3.7; 95%CI 1.05 to 13.1; p=0.004) and allelic model (OR=2.6; 95%CI 1.1 to 6.2; p=0.01). However, no significant association between IL-6 -174 G/C gene polymorphism and the risk of ICH was observed ( Table 3) . Haplotype analysis revealed no significant association with the increased risk of ICH (Table 4) .
DISCUSSION
Our present case-control study represents a significant association between IL-6 -572 C/G gene polymorphism and the risk of ICH, but failed to find any association between IL-6 -174 G/C gene polymorphism and the risk of ICH in North Indian population. IL-6 is a multifunctional proinflammatory cytokine produced by many tissues including endothelium and plays an important role as a mediator of inflammatory reactions associated with atherosclerotic disease including stroke. In vitro and In vivo studies have shown that the promoter construct containing IL-6 -174G and -572C alleles was associated with higher stimulation of IL-6. 12, 21 Few studies have reported the relationship between -174G allele and GG genotype a higher IL-6 expression level while the -174C allele and CC genotype and -174G allele and GG genotype were found to be more responsive to induce other cytokines such as IL-1. 12, 22, 23 However, other studies have reported conflicting results. 24, 25 The -572 polymorphic site in the promoter region might affect the activity of the -174 position in the IL-6 gene. 21, 26 A study has also reported the association of C allele of -572G/C with higher IL-6 concentrations. 27 The exact relationship between these two promoter gene polymorphisms and IL-6 production is still contradictory.
Previous studies have shown IL-6 -174C allele to be associated with susceptibility to myocardial infarction 28 and with impaired endothelial function. 29 Conversely, other studies found the IL-6 -174GG genotype to be associated with higher IL-6 level, increased intima-media thickness of the carotid arterial wall, 30 history of ischemic stroke and with peripheral artery occlusive disease.
31 Previous meta-analysis published by Pera J et al. (2011) 32 showed no association between IL-6 -174G/C polymorphism with the risk of aneurysmal SAH. A recent metaanalysis published by Kumar P et al. (2015) 15 also concluded no association between IL-6 -174G/C and -572C/G polymorphisms with the risk of IS. To the best of our knowledge, our study is the first study which investigated the association between IL-6 (-174G/C and -572C/G) polymorphism and the risk of ICH in North Indian population.
However, there were a few limitations in our study. Firstly, the study was conducted in a single hospital and the participants might not have been the representatives from other areas. Therefore, further large sample size and multicentric studies are needed to confirm our findings. Secondly, we investigated the role of two SNPs (rs1800795 and rs1800796) with the risk of ICH. It may be possible that other SNPs might be associated with the risk of ICH. Hence, to draw more profound conclusions more polymorphisms of IL-6 gene need to be investigated with the risk of stroke. Despite these limitations, our study provides strong evidence for the association between IL-6 -572C/G gene polymorphism and risk of ICH.
CONCLUSION
Our results suggest that IL-6 (-572 C/G) polymorphism is significantly associated with the risk of ICH in North Indian population. Further prospective studies with large sample size are needed for independent validation. 
